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Spatially coherent projections:  
Executive summary
•	 The	probabilistic	climate	projections	available	from	UKCP09	website	are	
not	 fully	 coherent	 across	 different	 locations.	 To	 further	 support	 those	
using	UKCP09	who	need	to	consider	climate	change	at	more	than	one	
location	 in	a	way	 that	captures	 the	 relationship	between	the	different	













set	 of	 uncertainties	 explored	 by	UKCP09,	 rather	 than	 those	 associated	
with	 the	 11	GCMs	 used	 to	 drive	 the	 RCMs.	 Therefore,	whilst	 the	 SCPs	
undersample	the	uncertainties	in	UKCP09,	they	explore	a	wider	range	of	
climate	change	than	the	RCM	ensemble.		
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UKCP09	provides	 the	first	probabilistic	 assessment	of	 climate	 change	over	 the	
UK	 for	 the	21st	 century.	 It	 is	 radically	different	 from	 its	predecessor,	UKCIP02,	
which	consisted	of	a	few	‘plausible	snapshots’	of	what	UK	climate	might	look	like	
at	various	periods	of	the	21st	century	under	four	different	emissions	scenarios,	
and	 which	 contained	 very	 limited	 information	 on	 uncertainty.	 In	 contrast,	
UKCP09	 includes	 much	 more	 comprehensive	 information	 on	 uncertainty	 and	
therefore	can	better	support	decision	making.	It	does	this	by	providing	planners	
and	climate	 impact	 scientists	with	10,000	plausible	 realisations	of	how	several	











is	 complex.	 On	 the	 one	 hand,	 the	 climate	 model	 data	 underpinning	 the	
probabilistic	projections	are	 fully	coherent	 in	 time	and	space,	as	 the	processes	
in	 the	 climate	 system	 represented	 by	 the	 climate	model	 impart	 a	 spatial	 and	
temporal	coherence	on	the	data.	Despite	this,	the	UKCP09	probabilistic	climate	
projections	 are	 not	 fully	 spatially	 coherent.	 This	 is	 because	 the	 conversion	 of	
a	 limited	ensemble	of	 climate	model	 simulations	 into	probabilistic	projections	
requires	the	use	of	statistical	emulators,	trained	on	the	climate	model	results,	to	
estimate	the	results	of	a	much	larger	sample	of	plausible	projections	for	multiple	








combinations	 of	 climate	 variable,	 meaning	 period,	 time	 period	 and	 location.	
This	was	achieved	in	two	ways.	First,	different	spatial	locations	were	processed	
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different	climate	variables,	times	of	year,	and	future	periods,	at any given specific 
location.	 However,	 in	 general	 it	 was	 not	 possible	 to	 account	 for	 correlations	
between	 statistical	errors	at	different	 locations,	or	between	errors	 for	 climate	
variables	in	different	batches.	
In	some	circumstances,	 it	 is	possible	to	bypass	 this	 lack	of	spatial	coherence	 in	
UCKP09,	by	analysing	 these	multiple	variables	one-by-one,	effectively	 treating	





valid	as	 long	as	the	changes	or	 impacts	 implied	at	different	grid	points	 in	the	
probability	maps	are	considered	separately	and	are	not	treated	coherently.	This	
means	 that	 they	 should	 not	 be	 regarded	 as	 outcomes	 that	would	 necessarily	
happen	 together	 in	 the	 observed	 future	 evolution	 of	 21st	 century	 climate.	
Another	 example	 is	 the	wider range of uncertainty	 in	 the	 Key	 findings	 (see	
Section	4.2.2	of	Murphy	et al.	2009)	which	are	defined	as	the	lowest	and	highest	
values	in	the	10	and	90%	probability	maps	across	all	three	emission	scenarios.	
Due	 to	 the	 lack	 of	 spatial	 coherence,	 it	 is	 not	 possible	 to	 use	 the	 UKCP09	
probabilistic	 climate	 projections	 to	 inform	 decisions	 which	 need	 to	 consider	
multiple	 locations	 in	a	way	where	 the	 locations	 cannot	be	 treated	 separately.	
For	 instance,	 some	 national	 assessments	 require	 this.	 Another	 example	 is	 the	
assessment	 of	 implications	 of	 large	 scale	water	 diversions	 (e.g.	 a	 pipeline).	 In	
contrast,	 UKCIP02	 projections,	 which	 were	 derived	 from	 RCM	 runs	 that	 are	
spatially	and	temporally	coherent	for	all	variables,	could	be	used	to	coherently	
assess	 climate	 change	 at	 multiple	 locations,	 albeit	 with	 no	 ability	 to	 explore	
potential	 decisions	 or	 policy	 options	 in	 the	 context	 of	 a	 range	 of	 projected	
climates.	
In	UKCP09,	most	 of	 the	 uncertainty	was	 determined	 from	GCM	 runs	 done	 at	
about	 300	 km	 resolution.	 But	 like	 UKCIP02,	 information	 at	 the	 required	 fine	
resolution	(50	km	for	UKCIP02,	25	km	for	UKCP09)	was	provided	by	running	a	
small	ensemble	of	 regional	 climate	model	 (RCM)	 runs.	 In	UKCP09,	 this	was	11	
RCMs	(see	the	UKCP09	guidance	on	11-member	RCMs)	driven	by	11	of	the	GCM	
runs	 that	 explored	 uncertainty	 in	 atmospheric	 and	 land	 processes.	 The	 main	
advantage	of	the	RCMs,	is	that	they	provide	spatially	and	temporally	coherent	
simulations	 of	 future	 climate	 that	 include	 how	 the	 different	 variables	 relate	
to	each	other.	The	main	disadvantages	of	the	RCM	simulations	are	that	unlike	
the	 probabilistic	 projections,	 the	 RCM	 ensemble	 does	 not	 sample	 structural	
uncertainty	in	the	atmospheric	processes	using	alternative	climate	models,	does	
not	explore	uncertainty	arising	from	the	carbon	cycle,	sulphur	cycle,	and	ocean	





6UKCP09: Spatially coherent projections
•	 there	is	a	set	of	SCPs	for	all	three	UKCP09	emission	scenarios	
•	 the	ensemble	size	of	the	SCPs	is	‘small’	to	satisfy	a	user	requirement	that	




are	more	 consistent	with	 the	uncertainties	 represented	 in	 the	UKCP09	
probabilistic	 climate	projections	 (here	 referred	 to	as	 a	more	 consistent	
spread).	
The	 last	 requirement	 is	 done	 by	 applying	 scaling	 factors	 to	 members	 of	 the	
RCM	 ensemble,	 where	 the	 scaling	 factors	 incorporate	 sources	 of	 uncertainty	
accounted	for	in	UKCP09	but	not	in	the	RCM	ensemble.	We	only	account	for	the	
spread	in	response	associated	with	the	enhanced	spread	of	global	temperature	
changes	 in	UKCP09	 relative	 to	 those	 changes	 in	 global	 temperature	 explored	
by	the	RCM	ensemble;	information	from	other	climate	models	is	only	included	










data,	 thereby	 making	 the	 spread	 of	 the	 scaled	 RCM	 data	 somewhat	 more	










heat	 uptake,	 sulphate	 aerosol	 forcing,	 and	 carbon	 cycle	 feedback,	 and	 then	








change.	 The	 spatial	 pattern	 of	 coefficients,	βi(x)	 and	 the	 residuals,	 εi(x,t),	 are	
estimated	 using	 ordinary	 least	 squares	 regression	 for	 each	 climate	 variable,	
meaning	period,	and	RCM	run.	
We	 can	 then	 replace	 the	 SCM	 that	 represents	 the	 GCM	 used	 to	 drive	 the	 ith	
RCM	with	one	that	samples	a	different	configuration	of	the	carbon	cycle,	ocean	
diffusivity,	and	aerosol	forcing.	The	SCM	can	even	be	forced	by	a	set	of	emissions	
that	are	different	 to	 the	ones	used	 in	 the	GCM	run,	 thus	allowing	SCPs	 to	be	




8UKCP09: Spatially coherent projections
By	 maintaining	 the	 same	 pattern	 of	 scaling	 coefficients,	 βi(x),	 and	
preserving	the	residual	component	and	all	correlations	that	they	capture,	
we	 retain	 temporal	 and	 spatial	 coherence.	 To	 demonstrate	 this	 more	

























































the	1st–99th	 credible	 range	goes	against	 the	guidance	 in	UKCP09.	 So	 really	we	
want	 to	achieve	a	balance	between	an	enhanced	 spread	 in	 the	SCP	ensemble	
relative	to	the	RCM	ensemble	whilst	minimising	the	number	of	times	that	SCP	
data	go	outside	the	1st–99th	credible	range.	Therefore,	we	define	an	empirical	cost	






























–2 0 2 4 6 8
–4 –2 0 2 4 6 8
–2 0 2 4 6 8
–2 0 2 4 6 8
–2 0 2 4 6 8 10
–2 0 2 4 6 8 10













x axis temeprature, y axis percipitation
–2 0 2 4 6 8
–2 0 2 4 6 8
–2 0 2 4 6 8 10
–5 0 5 10 15
–5 0 5 10 15
–2 0 2 4 6 8 10 12
–2 0 2 4 6 8 10 12
–5 0 5 10 15






































































































though	 this	 does	 not	 occur	 often.	 This	 reduction	 occurs	 because	 the	 change	
in	 spread	 for	a	given	variable	at	a	given	 location	 is	 related	 to	 the	correlation	
across	the	ensemble	of	a)	the	scaling	coefficients	and	b)	the	changes	in	global	








ensemble	 than	 the	 underlying	 UKCP09	 sampled	 data,	 although	 they	 do	 not	















projections,	 requires	 a	 more	 sophisticated,	 powerful	 multivariate	 framework	
which	is	a	long-term	research	goal.	Therefore,	the	SCPs	should	be	regarded	as	an	
interim	product.	
Figure 1 (see page 10): Comparison of SCP 
data (red) with RCM data (light blue) and 
UKCP09 sampled data (grey shading) for 
an example of a candidate 11-member SCP 
ensemble where several data lie outside 
the bounding boxes, which are generated 
from the 1 and 99% percentiles of changes 
in temperature and precipitation from 
UKCP09. Comparisons are made for eight 
locations (see Figure 2) and for changes in 
2070–2099 relative to 1961–1990 in winter 
temperature (K) and precipitation (in %) 
(left hand side) and the corresponding 
changes in summer (right hand side). The 
grey shading is darkest where there is 
the greatest concentration of sampled 
data from UKCP09. The outer contour of 
the grey shading is the smallest area that 
contains 99% of the sampled data. Points 
489–1695 are shown in Figure 2 with 







Figure 2: Location of the eight 25 km grid 
boxes used in Figures 1 and 3. 
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Figure 3: As Figure 1 but for the 11-member SCP that maximises the cost function and is 
used to make the SCPs for other variables.  
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Change in summer mean air temperature at 1.5m relative to 1961–1990 for 
Medium emissions scenario, 2080s
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Figure 4: Comparison of SCP data (red 
crosses) with RCM data (light blue 
crosses), offset in along the y-axis for 
clarity, and the probability distribution 
from UKCP09 for the 11-member SCP 
ensemble comparisons are made for eight 
locations (see Figure 2) and for changes 
in 2070–2099 relative to 1961–1990 in 
summer temperature (K) . Points 489–1695 
are shown in Figure 2 with lower numbers 
indicating more northerly locations. 
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Figure 5: Ratio of standard deviation of 
SCP ensemble relative to RCM ensemble 
for summer and winter changes in 
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Figure 6: Example from the 1st member 
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5 Considerations in using SCPs 




future	 time	 period,	 and	 location	 available	 in	 UKCP09.	 Coherence	 is	 required	
across	this	set	of	input	variables	that	are	used	in	a	single	evaluation	of	the	climate	
impact.	With	the	production	of	the	SCPs,	it	means	that	users	can	now	deal	with	






•	 a	 user	 is	 making	 a	 nationwide	 assessment	 where	 locations	 cannot	 be	
treated	separately.	

















UKCP09: Spatially coherent projections
There	will	 be	 situations	where	 both	 the	UKCP09	 probabilistic	 projections	 and	
the	SCPs	could	be	used.	As	there	are	10,000	plausible	realisations	to	consider	in	
the	probabilistic	projections,	the	small	set	of	SCPs	appears	to	be	a	more	practical	
option.	 However,	 this	 means	 that	 the	 SCPs	 will	 under-sample	 the	 full	 set	 of	
outcomes	implied	by	the	UKCP09	probabilistic	projections.	Another	limitation	of	
the	SCPs	is	that	there	is	no	information	on	the	likelihood	of	that	level	of	climate	
change	 being	 realised.	 Therefore	 in	 these	 situations	where	 both	 the	 UKCP09	
probabilistic	 projections	 and	 SCPs	 could	 be	 used,	 the	 UKCP09	 probabilistic	
projections	should	be	used.	
Consequently,	the	SCPs	are	not	a	replacement	for	UKCP09	but	are	designed	to	
complement	 the	 full	probabilistic	projections.	As	 such,	 they	 should	be	 treated	
with	the	same	caveats	as	the	raw	RCM	data	(see	UKCP09	online	Guidance).	For	
instance,	 the	 SCPs	 could	 be	 used	 for	 an	 initial	 assessment	 of	 vulnerability	 of	
a	 particular	 system/sector	 to	 climate	 change.	 Then	 it	would	 	 be	 important	 to	
assess	any	identified	vulnerabilities	in	the	context	of	the	probabilistic	projections	





through	 the	 introduction	of	maps	of	probability	of	 a	 climate	 change	variable	
being	above	or	below	a	user-defined	threshold.	
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